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plication should be avoided. With this policy of 
concentration I am in the fullest agreement, but 
I think it will be generally admitted by all who 
know that the literature of the subject with which 
I am dealing is of a very highly specialised char¬ 
acter ; that it is, of course, more largely biological 
than chemical; and that many of the most im¬ 
portant volumes and some even of the periodical 
journals are not, as a matter of fact, readily ob¬ 
tainable in any of our existing libraries. The 
general demand for certain works dealing with 
micro-biology is too small, and the books them¬ 
selves are, perhaps, too costly and too highly 
specialised to appeal to the majority of the 
members of the library committees of our 
scientific societies. 

Finally (and this would probably not be one of 
the least important of its functions) the proposed 
institute would serve as a central home for 
British micro-biological science and as the in¬ 
stitute to which all workers in this field of natural 
knowledge, in every part of our Dominions, could 
apply for information, to which they could send 
rare specimens for identification or for investiga¬ 
tion, and to which they could—subject to proper 
safeguards in the matter of priority—communicate 
any discovery of importance. 

The subject, in its botanical aspects, is not one 
with which I can claim anything more than a 
very limited acquaintance, but 1 have some reason 
to believe that in our Colonies and overseas 
Dominions there are mycologists who would ex¬ 
perience the advantage of such an institution, and 
who, while obtaining information themselves, 
might render great national service by con¬ 
tributing to our knowledge of the nature of many 
fungoid plant-diseases. 

I am well aware of the admirable work in the 
domain of industrial micro-biology which is being 
done in a number of isolated institutions in this 
country, as well as in one or two well-known 
American colleges, in the Pasteur Institute in 
Paris, in the Institute for Fermentation Industries 
in Berlin, in the Carlsberg Laboratory in Copen¬ 
hagen, and elsewhere. Each of these institutions, 
however, deals with this immense subject in cer¬ 
tain of its aspects only, and, as compared with 
the scheme which I am advocating, they suffer 
from the great disadvantage that there is no co¬ 
ordination, and that, consequently, a combined 
attack on any of the big problems which are call¬ 
ing for solution is rendered very difficult, if not 
impossible. Among such problems I might in¬ 
stance the biochemical conversion of cellulose into 
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fermentable sugar, from which industrial alcohol 
might be prepared on one hand, or synthetic foods 
on the other. 

A few years before the outbreak of war the 
formation of a national institution somewhat on 
the lines I have suggested in this article was 
advocated by Paul Lindner, of the Institute for 
Fermentation Industries in Berlin. It need 
scarcely be said that the institute Lindner advo¬ 
cated would have had its home in Germany, and 
I feel strongly that it behoves us in this country 
to take steps to establish, on British soil, an 
institution which, although primarily intended to 
meet the needs of British workers, might ulti¬ 
mately receive the support of many of our 
American and Continental colleagues. 

I know that one of the greatest difficulties, 
especially at the present time, in connection 
with the scheme will be that of obtaining 
sufficient money for the purpose. It seems to 
me, however, that a beginning might be made in 
a very modest manner. A large and expensive 
building would not, in the first instance, be 
necessary or even desirable, for in a matter of 
this kind much more would depend upon the selec¬ 
tion of the right men than upon the size of the 
building or even upon the perfection of its equip¬ 
ment. Possibly some existing building, preferably 
in proximity to one of our university colleges, 
would be available. A very important point, 
however, is that it should be a separate national 
institute, and not a mere department of some 
existing teaching institution. 

A. Chaston Chapman. 


Currents of Mathematical Thought. 

L’Ideal Scientifique des Mathematiciens; Dans 
VAntiquite et dans les Temps Modernes. By 
Prof. Pierre Boutroux. (Nouvelle Collection 
scientifique.) Pp. 274. (Paris: F&ix Alcan, 
1920.) 8 francs net. 

HE aim of this work has been carefully 
explained by the author, and the reader 
must continually bear that fact in mind. The 
book is not a history of mathematics; it is not an 
account of striking discoveries, or a criticism of 
mathematical methods, as such. It is an attempt, 
in the light of our present knowledge, to trace the 
principal currents of thought by which profes¬ 
sional mathematicians during different periods 
have been consciously or unconsciously influenced. 
No hard-and-fast boundary lines have been laid 
down; it is merely for the sake of convenience 
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that the whole time considered has been divided 
into three successive stages. The first of these 
ends when the classical Greek methods had prac¬ 
tically lost their prestige and fertility; the second 
when (at the end of the eighteenth. century) the 
new methods introduced by Descartes, Newton, 
Leibniz, and Euler seemed to have reached in like 
manner the. limit of their powers and to be incap¬ 
able of suggesting really new and important fields 
of research. 

Now that so much good work has been done on 
Greek mathematics we can realise with fair accu¬ 
racy what ideas the Greek mathematician had of 
his subject. It included the arithmetic of whole 
numbers as well as geometry, and for the Pytha¬ 
goreans at any rate the former branch was the 
most fundamental. By the time of Euclid the 
Greeks had a perfect theory of proportion, and a 
method of exhaustion capable of solving problems 
for which we now use integral calculus. In 
Apollonius’s “Conics” we have numerous pro¬ 
positions w'bieh are so easily translated into a 
modern algebraical form that one is almost 
tempted to think that the Greeks anticipated 
Descartes’ analytical method. This, however, is 
not the case; and in the same way it is a mistake 
to fancy that they had a theory of irrational 
numbers. The discovery of incommensurable 
quantities led to a theory of proportion applicable 
to them, but the ratio of two similar quantities 
was never regarded as a number even if one of the 
quantities was an exact multiple of the other. 
Computation and measurement as such did not 
form part of mathematics; limitations of construc¬ 
tion, such as those of Euclid’s “ Elements,” seem 
due to a mixture of aesthetic and philosophical 
considerations. Archimedes’ tract “ On Method ” 
shows that the greatest Greek mathematicians did 
not disdain the use of mechanical considerations 
as an aid to mathematical research; but they never 
were contented with a mechanical proof, and 
always tried to replace it by one strictly mathe¬ 
matical in their sense of the term. 

Coming now to the second period, Prof. 
Boutroux considers that the great innovation of 
the seventeenth century does not consist in the 
use of new methods such as the infinitesimal cal¬ 
culus, but rather in the development of the notion 
of.“ function,” especially in the form of an infinite 
series. Few things are more interesting than the 
history of the mathematical term “function.” 
For a long period all the functions actually con¬ 
sidered were those expressible by power-series. 
Even these were discussed in what would now 
be called a scandalously superficial way. In 
spite of the fact that as early as the time of the 
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Bernoullis the problem of vibrating strings led to 
a prolonged discussion as to the possible or proper 
representation of so-called “arbitrary” functions, 
the subject was left ‘ 1 wropped up in mystery ’ ’ : 
it was often tacitly assumed that a power-series 
representation, at least for some intervals, was 
always possible if only it could be found. 
Fourier’s introduction of trigonometrical series 
and his bold application of them to physical prob¬ 
lems gave a sort of electrical shock to the mathe¬ 
matical world, and the use of complex quantities 
was still regarded by the orthodox as a sort of 
juggling trick which led to correct results in a 
quite inscrutable way. 

The beginning of the modern period may be 
conveniently marked by Abel’s memoir on the 
binomial series; in this we have for the first time 
a correct and rigorous treatment of an analytical 
function. After this, in the hands of Riemann, 
Dirichlet and others the subject made great 
strides, and the vast subject of the classification 
of functions has been attacked with a gratifying 
measure of success. 

In tracing the currents of mathematical thought 
the author has frequently to deal with controver¬ 
sial matters on which he cannot pretend to give 
more than a plausible opinion. Perhaps the most 
important of these depends on the definition of 
mathematics. In our own opinion it is best for 
the present hot to attempt any formal definition 
of mathematics, but to be content with the inter¬ 
national schedule on which the Royal Society 
Subject-Index is based. So long as it is agreed 
to include such things as the theory of groups on 
one hand, and abstract dynamics on the other, 
a formal definition is practically impossible. But 
there is one point on which a difference of opinion 
is both significant and important. Is mathe¬ 
matics a science in the true sense, or is it an 
organised method of a special type reducible 
almost entirely to a branch of symbolic logic? 
We are very glad to see that Prof. Boutroux 
emphatically adopts the former view. To him, 
as to us, .mathematics proceeds from a body of 
indefinable data which it discusses by means of 
special methods peculiarly its own, while its 
general method is simply that of all scientific 
researtih. The school of which Mr. Bertrand 
Russell may be taken as a representative has per¬ 
formed a great service by its critical discussion of 
what we may call mathematical first principles; 
but few of its members, we fancy, would claim 
that it has contributed to mathematical theory. 
At any rate the great body of progressive mathe¬ 
maticians have refused to admit any such claim; 
and we may venture to suggest one reason for 
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their doing so, a reason which can be appreciated 
by anyone of a mathematical turn of mind. There 
are certain ideas, such as those of the shape and 
connectivity of surfaces, which are extremely diffi¬ 
cult, if not impossible, to reduce to arithmetical 
terms. The plain man will, we think, continue 
to assert that his concept of the shape of a sphere 
or an anchor ring is as clear as any that he has, 
independently of any • arithmetical considerations, 
and this although in these cases analytical equa¬ 
tions of the surfaces can be found; the same thing 
is true, in even greater measure, of Mobius’s 
one-sided surface and its deformations. 

Whether the reader of this book agrees with all 
the author’s conclusions or not, he cannot but be 
grateful for the careful arguments by which they 
are supported. The last word on the subject has 
not been said, and vigorous controversy about it 
may be confidently expected; but whatever the 
final conclusion may be, Prof. Boutroux’s work is 
likely to be regarded as a valuable contribution 
to the philosophy of mathematics. G. B. M. 

Science and the Community. 

From a Modern University: Some Aims and 
Aspirations of Science. By Prof. A. Smithells. 
Pp. 124. (London: Oxford University Press, 
1921.) i2s. 6 d. net. 

HATEVER Prof. Smithells has to say on 
the aims of education and aspirations of 
science is always worthy of attention, because it 
represents the wisdom of experience and the de¬ 
liberations of a well-balanced mind. We are glad, 
therefore, that seven addresses, delivered by him 
on various occasions from 1906 to 1914, are here 
brought together in book-form, and we hope they 
will be widely read, particularly by members of 
the general public. The sub-title is a better index 
to the contents of the volume than is the main 
title, for the whole of the addresses are concerned 
with the relation of science to the community 
through education, industry, and other practical 
and intellectual activities. They state clearly and 
with dignity what science stands for in modern 
life, and their message cannot reach too extended 
a circle. 

Prof. Smithells has decided views upon the 
place of science in education, and the significance 
of university work to industrial progress. In 
common with most university teachers, he holds 
that a broad and sound general education, in 
which science occupies a rightful part, is the best 
foundation upon which to build a university 
course, but he goes farther and urges with con¬ 
vincing iteration that universities serve the best 
purposes of industry when they treasure men of 
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genius working in them purely for the advance¬ 
ment of natural knowledge and unfettered with 
considerations as to whether the instruction or 
research is directly profitable to industry or trade. 
“If,” he says, “the sole purpose of our new uni¬ 
versities were to make industry and commerce 
more effective instruments of either personal or 
national wealth, you might indeed find men to 
staff them, but you would not find men who were 
worthy of their hire, and you would have nothing 
that had a just claim to the title of a university.” 

The new universities have, no doubt, had a diffi¬ 
culty in convincing the business world around 
them that their essential function is the extension 
of knowledge into new fields, and not necessarily 
the improvement of the trade of the district in 
which they are situated, but they have mostly 
done so with gratifying success; and even in thfe 
ancient universities of this kingdom an obscurant¬ 
ist attitude towards scientific inquiry is not un¬ 
known. It is true that the caskets of the past are 
filled with treasures of fact, thought, and perform¬ 
ance, but all that can be done in the social sciences 
is to reveal these products of human genius and 
action with the object of using them as a store 
of wisdom and experience from which guidance i to 
policy or conduct may be gained. The experi¬ 
mental sciences, however, are particularly con¬ 
cerned with the discovery of things and principles 
never before known, and not with merely recon¬ 
structing past history. When Galileo first turned 
his small telescope towards the three stars in the 
Belt of Orion and the six in the Sword he saw 
in the field of view eighty stars which had 
never previously been looked upon by human eyes, 
and every such scientific discovery represents a 
similar expansion of the empire of knowledge—a 
Rosetta stone for the interpretation, not of human 
documents, but of the works of the Maker of the 
Universe. 

When this distinction between literary records 
and scientific revelation is understood, no objection 
need be raised to the limitation of the “ humani¬ 
ties ” to matters relating to human affairs and 
human nature generally, though historically and 
actually experimental philosophers may claim to 
be humanists with as much right as do men of 
letters and students of social sciences. Prof. 
Smithells himself certainly belongs to this cate¬ 
gory, for he is no narrow pedant, but a man of 
wide interests and wise vision, and in almost every 
address in the present volume the key-note is 
sounded of science as a noble pursuit and an 
ethical influence. So much attention is now given 
to material results of scientific research that it Is 
refreshing to find a representative of a modem 
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